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                    Abstract
Sensitivity to the square of the cutoff scale of quantum corrections of the Higgs boson mass self-energy has led many authors to conclude that the Higgs theory suffers from a naturalness or fine-tuning problem. However, speculative new physics ideas to solve this problem have not manifested themselves yet at high-energy colliders, such as the Large Hadron Collider at CERN. For this reason, the role of naturalness as a guide to theory model-building is being severely questioned. Most attacks suggest that one should not resort to arguments involving gravity, which is a much less understood quantum field theory. Another line of attack is against the assumption that there exists a multitude of additional heavy states specifically charged under the Standard Model gauge symmetries. Nevertheless, if we give ground on both of these assaults on naturalness, what remains is a naturalness concern over the prospect of numerous additional spin-zero scalar states in nature. The proliferation of heavy scalars generically destabilizes the Higgs boson mass, raising it to the highest and most remote scalar mass values in nature, thus straining the legitimacy of the Standard Model. The copious use of extra scalars in theory model building, from explaining flavor physics to providing an inflationary potential and more, and the generic expectation of extra scalar bosons in nature argues for the proliferation instability problem being the central concern for naturalness of the Standard Model. Some approaches to solving this problem are presented.
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                    Notes
	For an historical overview of how understanding developed over time of the quantum corrections of scalars and the Higgs boson see Giudice (2008).


	Quantum loop computations of a scalar boson self-energy involve the integration of \(\sim \int d^4q/q^2\) over internal loop momentum \(q\) which is formally allowed to go to \(\infty \). However the integral is quadratically divergent, meaning \(\int d^4q/q^2\propto q_{max}^2\rightarrow \infty \). If we cut off the maximum value allowed for \(q^2\) to be \(q_{max}^2=\varLambda ^2\), we say that \(\varLambda ^2\) is the “cutoff value of the momentum” in the integral.


	When precision of speech is requested we can define \(m_\mathrm{weak}=100\, \mathrm{GeV}\). This scale is chosen parametrically to be close to the numerical values of the \(W\) and \(Z\) boson masses \(m_W=80\, \mathrm{GeV}\) and \(m_Z=91\, \mathrm{GeV}\), the top quark mass \(m_t=175\, \mathrm{GeV}\), the Higgs boson mass \(m_H=125\, \mathrm{GeV}\) and the Higgs boson vacuum expectation value \(v=246\, \mathrm{GeV}\), normalized to be the value around which the dynamical Higgs field is expanded in the lagrangian.


	The bare mass-squared mass must be large and negative to cancel the “infinite” part induced by the top quark. This is fine as long as the combination of the two terms is positive.


	The quantum field theory diagrams that contribute to the cosmological constant scale as the integral \(\sim \int d^4q\) where \(q\) is an internal particle momentum that is formally allowed to go to \(\infty \). We can introduce a cutoff scale for this integral such that \(\int d^4q=\varLambda _{CC}^4\), which we believe should be at least as large as \(\sim M_Z^4\), since we believe we know the theory of nature at energy scales up to at least \(M_Z\). This implies that the cosmological constant would naively be at least \(\varLambda _{CC}^4> M_Z^4\simeq 10^8\,\mathrm{GeV}^4\), or perhaps even \(M_{Pl}^4\sim 10^{72}\,\mathrm{GeV}^4\) if we allow our integral to be cutoff at the known scale of gravity \(M_{Pl}=G_N^{-1/2}\), where \(G_N\) is Newton’s constant of gravity. This constitutes the quantum field theory expectation. However, measurements in cosmology tell us that \(\varLambda _{CC}^4\simeq 10^{-47}\,\mathrm{GeV}^4\), in gross contradiction to our naive expectations. This is still an outstanding problem in physics. See Rugh and Zinkernagel (2002) for a discussion.


	The number 45 is counting colors and isospin. \(Q_L\) has 6 (left-handed quarks with 2 isospins, \(u_L\) and \(d_L\), and each has 3 colors), \(u_R\) has 3 (right-handed up quarks with 3 colors), \(d_R\) has 3 (right-handed down quark with 3 colors), \(e_R\) has 1 (right-handed electron with no extra color or isospin factors), and \(L\) has 2 (left-handed leptons with 2 isospins, \(e_L\) and \(\nu _L\)). That makes a total of 15 for each of the three generation of fermions, making a total of 45 fermions.


	The Higgs boson field in the Standard Model is a complex electroweak doublet with four degrees of freedom, of which three are absorbed as longitudinal components of the \(Z\), \(W^+\) and \(W^-\) spin-1 bosons, leaving only one physically propagating scalar boson in the spectrum—the recently discovered Higgs boson.


	Supersymmetry invariance requires two Higgs boson fields, \(H_u\) and \(H_d\) to give mass to the up and down type fermions separately. It is a feature of supersymmetric theories that when the scale of supersymmetry breaking (i.e., the scale of exotic super partner masses) is above \(m_\mathrm{weak}\) the lightest Higgs boson is an admixture of \(H_u\) and \(H_u\) scalar parts and its properties are remarkably close to the Standard Model Higgs boson (Gunion and Haber 2002).


	Even if we assumed overlapping gauge quantum numbers of the Higgs boson with some other exotic scalars, the resulting impact on low scale theory would not destabilize the Higgs mass even if these scalars condensed due to the existence of stable \(D\)-flat directions of the potential.


	The Käbler interaction that would allow this is \(\int d^4\theta X^\dagger X H^\dagger _1H_1H^\dagger _2H_2/M_{Pl}^4\) where \(\theta \) is the Grassman variable of superspace and \(X\) is the supersymmetric breaking spurion whose \(F\) term is \(m_\mathrm{weak}M_{Pl}\, \theta ^2\).
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